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INTRODUCTION {#sec1-1}
============

Gastrodin is a safe sedative, which has analgesic, anti-inflammatory, anti-free radical effects and improved cardiovascular function\[[@ref1]\]. An increasing number of studies show that gastrodin inhibits excessive proliferation of glial cells by inhibiting the role of excitatory amino acid α-amino-3-hydroxy-5-methyl-4-isoxazole-propionic acid receptors and reducing the fiber-like changes characteristic of glial cells\[[@ref2][@ref3]\]. Strong evidence suggests gastrodin could inhibit cell expression of glial fibrillary acidic protein (GFAP) after ischemia and reperfusion, diminish secondary damage to the nerve cells by inhibiting excessive proliferation of glial cells. Gastrodin can also weaken the extent of glial cell fiber-like changes\[[@ref4][@ref5]\]. Using a model of ischemic hypoxemia in neural stem cells, the percentage of neurons that formed following differentiation of neural stem cells was significantly decreased compared with control, while the ratio of glial cells, especially astrocytes, was increased\[[@ref6][@ref7][@ref8]\]. When brain tissue is injured, glial cell hyperplasia may produce and release nerve toxic substances, such as tumor necrosis factor and nitric oxide, which promote development of damage and form scars, resulting in rehabilitation difficulties\[[@ref9][@ref10][@ref11]\]. It is therefore essential to investigate how to induce neural stem cells to differentiate into neurons, thereby promoting rehabilitation of brain function in neural-related disorders, including ischemic cerebrovascular disease, neurodegenerative diseases and epilepsy. This study aimed to evaluate whether gastrodin can block neural stem cell differentiation into glial cells after treatment with excitatory amino acids.

RESULTS {#sec1-2}
=======

Identification of neural stem cells {#sec2-1}
-----------------------------------

Nestin-positive antigen expression was observed in cultured cell clones at passage 3 ([Figure 1](#F1){ref-type="fig"}). Nestin, detected by immunofluorescence, indicated that a large number of neurospheres, amplified by scattered single cell clones, were positive for nestin antigen expression ([Figure 2](#F2){ref-type="fig"}).

![Immunohistochemistry staining showing a nestin-positive (brown) neurosphere at passage 3 (× 400).](NRR-7-891-g001){#F1}

![Immunofluroesent staining showing a nestin-positive (red, Cy3) neurosphere at day 7 at passage 3 (× 400).\
Neurosphere formed from single cell clones were subjected to immunofluorescence staining, rather than cell clones at primary extraction.](NRR-7-891-g002){#F2}

Isolated cells had a strong self-renewal potential and maintained clonogenic capacity continuously throughout passage, maintaining the ability to form new clones after 20 generations (supplementary Figure 1 online). After culture of neural stem cells for three generations and induction of differentiation for 7 days, cells were observed using an inverted microscope. Neurospheres adhered quickly following growth factor removal and cell processes migrated around the neurospheres. The majority of nerve cells began to surround the neurospheres immediately. After culture for 10 days, most cells had migrated from the neurospheres and exhibited neuronal and glial-like cell morphologies. Neuronal cells were larger, irregular, oval or triangular with slender processes. Glial-like cells were flattened with flat processes and an absence of a sharp boundary between the cell bodies and processes ([Figure 3](#F3){ref-type="fig"}). Positive nestin expression within the clone pellet, confirmed that the cells were embryo-derived\[[@ref12][@ref13]\].

![Cells migrating from the neurospheres (day 10) showed neuronal and glial-like cell morphology. Neuronal cells were larger, irregular, oval or triangular, with slender processes and glial-like cells were flattened.](NRR-7-891-g003){#F3}

Neuron-specific enolase (NSE) is a neuron-specific enzyme, 2',3'-cyclic-nucleotide 3'-phosphodiesterase is an enzyme characteristic of oligodendrocytes and GFAP is a protein characteristic of astrocytes\[[@ref14]\]. Three types of nerve cells, positive for NSE, 2',3'-cyclic-nucleotide 3'-phosphodiesterase or GFAP were detected using immunocytochemistry after induction in medium containing 10% fetal bovine serum after passage 3 ([Figure 4](#F4){ref-type="fig"}).

![Neonatal rat neural stem cells differentiated into neuron-specific enolase-positive neurons (A), 2',3'-cyclic-nucleotide 3'-phosphodiesterase-positive oligodendrocytes (B), glial fibrillary acidic protein-positive astrocytes (C) after induction by 10% fetal bovine serum (Cy3, × 400).\
Arrows show positive neurons. The positive neuron in Cy3 staining is red.](NRR-7-891-g004){#F4}

Effect of gastrodin and kainic acid in neural stem cell differentiation {#sec2-2}
-----------------------------------------------------------------------

Neural stem cells at passage 3 were induced to differentiate for 7 days prior to observation with an inverted microscope. In the kainic acid treated group (100 μM), the number of astrocytes was greater in comparison to the control group, while numbers of neuron-like cells were fewer in comparison. Furthermore, the rate of differentiation was faster and the migration distance further in the kainic acid treated group compared with control group. In the combined gastrodin and kainic acid treated group, the number of neuron-like cells was greater than that of kainic acid treated group, but still lower than control group ([Figure 5](#F5){ref-type="fig"}).

![Neural stem cells (passage 3) were induced to differentiate for 7 days (× 200).\
Astrocyte numbers in the kainic acid treated group were greater than those in the control group (A) and neuron-like cell numbers were greater in the gastrodin and 100 μM kainic acid treated groups (B).](NRR-7-891-g005){#F5}

The effect of gastrodin and kainic acid on the differentiation of neural stem cells is shown in [Table 1](#T1){ref-type="table"}. No significant difference was found between the proportion of neurons and glial cells between kainic acid treated groups with different concentrations (*F* = 1.43, *P* \> 0.05). The proportion of neurons in the combined gastrodin and kainic acid treated group was significantly higher than that in the kainic acid alone treated group (*F* = 115.6, *P* \< 0.01).

###### 

The proportion (%) of neurons and glial cells formed by neural stem cell differentiation in different groups

![](NRR-7-891-g006)

DISCUSSION {#sec1-3}
==========

Kainic acid can simulate the release of excitatory amino acids in cell culture\[[@ref15]\]. This study found that: (1) After cell treatment with 5 mM kainic acid, a population of adherent cells retain the ability to differentiate. Their tolerance towards excitatory amino acids was much greater than neurons. When neurons were treated with 100 μM kainic acid, a large number of cells swelled and died\[[@ref16]\].

Interestingly, neural stem cells exposed to concentrations 50 times greater than those mentioned above, continued to survive. In summary, increased concentrations of excitatory amino acid resulted in neuron cell death, but enabled survival of neural stem cells, which may continue to differentiate and thus promote recovery of neurological function. The mechanisms underlying neural stem cell tolerance towards excitatory amino acids remain unclear, thus further research is required. (2) Kainic acid at concentrations of 100 μM--5 mM significantly affected the differentiation of neural stem cells, especially the percentage of astrocytes and neurons. Glial cell numbers were not significantly affected in different kainic concentrations. Under normal conditions, glial cells secrete various cytokines and neurotrophic factors, which play important roles in forming and maintaining the neuronal survival microenvironment: (1) To promote differentiated neurons to migrate: once neurospheres have undergone differentiation, astrocytes migrate faster than other cell types, acting as a migration guidance scaffold for other differentiated cell types. (2) To promote cell survival and differentiation: the micro-environment formed by the astrocytes is not only conducive to the survival of neural stem cells, but also promotes their differentiation and the differentiation and survival of mature neurons\[[@ref17][@ref18]\]. However, when brain tissue is damaged, over proliferation of glial cells results in excessive production and release of nerve toxic substances, such as nitric oxide and tumor necrosis factor, which promote the development of damage and form scar tissue, making recovery more difficult following brain injury\[[@ref19]\]. The present study indicates that gastrodin could prevent neural stem cells from differentiating toward glial cells after treatment with kainic acid to some extent. It is supposed that gastrodin may function to prevent kainic acid binding with its receptor. In this study, gastrodin was found to block kainic acid\'s effect and induce neural stem cell differentiation into neurons, to some degree. Gastrodin can block channels of excitatory amino acids in the nervous system, whereby conductivity relies on neural stem cell differentiation into neurons to form the electrical activity of nerves, highly consistent with normal cortex\[[@ref20]\]. These findings provide a new research direction for treating ischemic cerebrovascular disease and also bring hope in treating key degenerative diseases in the central nervous system.

MATERIALS AND METHODS {#sec1-4}
=====================

Design {#sec2-3}
------

A comparative observation at cellular level.

Time and setting {#sec2-4}
----------------

Experiments were performed on March 2009 in the Henan Institute of Medical Sciences, China.

Materials {#sec2-5}
---------

### Animals {#sec3-1}

Two newborn (1 day old), specific free grade Wistar rats, were provided by the Experimental Animal Center of Zhengzhou University, China, with Certificate of Conformity Number, 410116. All protocols were conducted in accordance with the *Guidance Suggestions for the Care and Use of Laboratory Animals*, formulated by the Ministry of Science and Technology of China\[[@ref21]\].

### Drugs {#sec3-2}

Kainic acid was purchased from Sigma, St. Louis, MO, USA. Gastrodin was provided by Shanghai Huayi Bio-Technology Company, Ltd, Shanghai, China. Gastrodin\'s chemical name and formula are 4-hydroxy phenyl-D-β-glucopyranoside\[[@ref22][@ref23]\] and C~13~H~18~O~7~ respectively and the molecular structure is:

![](NRR-7-891-g007.jpg)

Gastrodin\'s chemical Abstracts Service Number is 62499-27-8 and purity level is 99.9%.

Methods {#sec2-6}
-------

### Isolation, culture and induced differentiation of rat neural stem cells {#sec3-3}

According to previously described methods\[[@ref24][@ref25][@ref26][@ref27]\] with some modifications, newborn Wistar rat brain tissue was harvested, washed three times with cold D-Hank\'s solution and cut with eye scissors into approximately 1 mm^3^ tissue blocks. Specimens were trypsinized with 0.25% trypsin for 10 minutes and digestion was terminated with fetal bovine serum. Cells were centrifuged three times for 5 minutes each at 1 000 r/min and incubated in serum-free medium containing 20 μg/L basic fibroblast growth factor. Supernatant was discarded. Cells were prepared into a single-cell suspension using a 200-mesh screen filter and seeded at 5 × 10^5^ cells/mL into culture flasks and cultured in saturated humidity at 37°C at 5% CO~2~ for 7 days. Cells were separated with a pipette and passaged according to previously described methods\[[@ref24][@ref28]\]. Each passage was subcultured for 7 days. Primary cultured cell clones at passage 3 were inoculated in 24-well culture plates pre-equipped with Thermanox plastic cell culture chips, in medium without fetal bovine serum and basic fibroblast growth factor for 10 days. Neurosphere morphology was observed under an inverted phase contrast microscope (Olympus, Tokyo, Japan).

### Identification of neural stem cells by immunohistochemistry and immunofluorescence {#sec3-4}

Neural stem cells were fixed in paraformaldehyde and incubated with goat serum, rabbit anti-nestin, NSE (1:100), 2',3'-cyclic-nucleotide 3'-phosphodiesterase (1:200), GFAP (1:200; Santa Cruz, CA, USA) at 37°C for 60 minutes. Secondary antibody goat anti-rabbit IgG (1:1 000; Boster, Wuhan, China) was used and immunofluorescence was detected with Cy3-labeled goat anti-rabbit IgG (1:1 000; Boster). Cells were incubated at 37°C for 60 minutes and observed microscopically (Leica Camera AG, Canada).

### Gastrodin and kainic acid treatment {#sec3-5}

Passage 3 cell clones were diluted and suspended at 1 × 10^5^ cells/mL, prior to seeding in 96-well plates containing 200 μL/well at 37°C in 5% CO~2~ at 100% humidity for 4 hours. Cells were divided into three groups: control group in absence of drug; kainic acid group with different concentrations of kainic acid (100, 500, 1 000, 2 000 and 4 000 μM) for 30 minutes; combined gastrodin + kainic acid group: treatment with kainic acid for 30 minutes, followed by physiological saline rinse (8 g NaCl, 0.4 g KCl, 0.18 g Na~2~HPO~4~·7H~2~O, 0.03 g KH~2~PO~4~, 3 g sucrose, 7.5 g glucose, 2.34 g Hepes and distilled water to 1 000 mL), then culture with 0.5 mg/L gastrodin for 30 minutes, prior to physiological saline rinse. Each concentration group was repeated in eight wells. The proportion of NSE and GFAP positive cells to total cell number was calculated, to determine the proportion of neuronal and glial-like cells.

### Statistical analysis {#sec3-6}

SPSS 13.0 software (SPSS, Chicago, IL, USA) was used to analyze the variance (randomized block design) in conjunction with a two-sample *t*-test. A test for normality and homogeneity of variance were performed. The test standard significance level was 0.05.
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